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Abstract 
Microbial fuel cell (MFC) is developed as a renewable energy source, which can simultaneously carries out 
wastewater treatment. The ability of microorganism in generating extractable electricity highly affects the 
performance of a MFC; therefore, it is critical to construct a high throughput analysis platform for microorganism 
screening. Microfluidic MFCs are recently developed for the rapid analysis; however, several challenges remained to 
be overcome to construct straightforward techniques. This study presents an innovative anode composed of 
conductive microparticles for encapsulating electricity-generating microbes in microfluidic MFCs. The conductive 
polymer microparticles (Diallyldimethylammonium chloride, DADMAC) encapsulating microorganisms were 
generated by a T-junction microchannel. The surface area per volume of the pDADMAC micro-particle was 2.17x106 
cm-1 and it can provide extensive surface area for electron transfer. We first examined the electricity generated from 
these particles using a batch-type operation. Microparticles containing microbes generated open circuit voltage 
(OCV) of 8 mV in the first hour and the OCV gradually decreased to 0 mV in 6 hours, indicating the depletion of 
substrate. Particles without microbes had relatively stable OCV around 1 mV throughout the operation except for the 
first 10 min. The conductive microparticles were also applied in an air-cathode batch-type MFC and they increased 
the OCV from ~0V to ~20 mV compared with freely suspended microorganisms. These results show the great 
potential of utilizing the conductive microparticles as anodal electrode in microfluidic microbial fuel cells.  
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1. Introduction  
As fossil energy being consumed and industrial production prevails, the amount of generated waste 
blooms. The application of wastewater treatment has drawn considerable interests, and microbial fuel cell 
(MFC) has been considered as a true green energy for it can degrade waste to generate electricity. The 
strains of microorganisms and cultivation strategies greatly affect the performance of a MFC and they 
should be optimized before MFC can be commercialized. Conventional methods for investigating the 
characteristics of electric active microbes are conducted in the H-type batch MFC [1], disregarding that it 
takes several days and requires multiple assays to validate the electroactivity. The microfluidic MFCs are 
considered as potential screening tools for they have advantages such as simple structure [2], possibility 
in parallel analysis [3] and rapid response time. However, the high internal resistance of microfluidic 
MFC results in the low recovery efficiency of electron. To reduce the resistance of electron transfer 
between microbes and the electrode, strategies for enhancing the output power of the MFC are deployed, 
including mediator addition and immobilization of electrochemically active microbes on electric 
conductive support [4] [5]. In this study, we demonstrate an innovative micro-type MFC with conductive 
microparticles to retain microbes and to provide extensive surface area for electron transfer. The 
examination of electrochemically activity of microorganisms is conducted in the batch operation and the 
results show that conductive microparticle provides a straightforward method for retaining electric active 
microorganism in the micro-MFC and hopefully reduces the resistance of electron transfer from 
microorganism to external circuit.  
2. Materials and methods 
2.1. Microdroplet and microparticle preparation 
The microfluidic device was prepared by softlithographic techniques[6] and the details can be found in 
our previous report [2]. All reagents were purchased from Sigma-Aldrich. Microdroplets contain 65 wt% 
monomer solution (DADMAC), 0.028 g/mL photo-initiator, 0.028 g/mL cross-linker and 100 μL/mL 
microorgansim solution. The mixed culture microorganisms were obtained from the seacoast of Taiwan 
and have been proven to have electro-activity in a lab-scale H-type MFC [2]. The continuous phase for 
generating the microparticle is soybean oil (Uni-President Enterprises Corp., Taiwan). After generation, 
microdroplets were polymerized by UV light in the serpentine microchannel.  Microorganisms 
encapsulated in the microparticles were visualized by SYTO stain (SYTO 13 Green Fluorescent Nucleic 
Acid Stain, Life technologiesTM).  
2.2. Batch system operation 
Conductive microparticles were collected in the 250 μl micro-tube/microwell and 200 μl medium was 
added in the micro-tube/microwell for examining electricity generation. The medium contained 2 g/L 
CH3COONa, 5.24 g/L NH4HCO3, 6.72 g/L NaHCO3, 0.125 g/L K2HPO4, 0.01388 g/L MnSO4炽5H2O, 
0.1 g/L MgCl2炽6H2O, 0.025 g/L FeSO4炽7H2O, 0.005 g/L CuSO4炽5H2O and 0.000125 g/L CoCl2炽
6H2O. Two platinum wires served as electrodes and were inserted in the sediment and supernatant, 
respectively, and connected to a multimeter to measure the open circuit voltage. 
3. Result and discussion 
3.1. Microdroplet and microparticle generation 
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Figure 1. (a) The device design for conductive microparticle fabrication and the particles were collected in these two microMFCs. (b) 
The bright and fluorescent images of microparticles without microbes and (c) with microbes. 
The microdroplet was formed at T-junction microchannel showed in Fig. 1(a) and its exposure time 
under UV-light was controlled by the flow rate of soybean oil. The diameter of the cured pDADMAC 
micro-particles can be controlled at 180 ± 5 μm and the thickness (100 μm) of the micro-particle was 
limited by the dimension of micro-channel. The surface area per volume of the pDADMAC micro-
particle was 2.17×106 cm-1 and it can provide extensive surface area for electron transfer. To ensure the 
viability of microorganism after UV exposure, the microbial solution exposed under UV light for 5 
seconds was cultivated on the agar plate and the results show the short exposure did not affect the cell 
viability (data not shown). The microparticles without microbes and with microbes were labeled by 
SYTO stain to confirm microbe encapsulation as shown in Fig. 1(b) and 1(c), and they were collected 
respectively into a centrifuge micro-tube and microwell to examine the electricity generation.  
3.2. Batch system MFC 
The results of examining the electricity generation in the micro-tube were shown in Figure 2. 
Microparticles without microorganisms had relatively stable OCV of 1 mV in the first 1 hour due to the 
imbalance of the ionic concentration. The OCV resulted by microparticles encapsulating microorganisms 
was 8 mV in the first hour. The OCV gradually decreased to 0 mV after 6 hours of operation, indicating 
the depletion of substrate. And the electricity generated from microparticles containing microbes were 
also examined in the air-cathode microwell MFC. The OCV of microbes encapsulated in the 
microparticles compared with the suspended microbes in the medium showed that the conductive polymer 
can increase the ability of microbes to generate the electricity. Although the maximum OCV in this 
system was lower than the reported results in most of research [7], the results still show great potential of 
this possibility using conductive microparticles for identifying electroactive microorganism.  
 
Figure 2. (a) The schematic diagram of the batch-type of micro-tube MFC. The time course of open circuit voltage generated by 
conductive particles in a batch-type operation in 1 hour and (b) in 6 hours. (c) The schematic diagram of the batch-type of microwell 
MFC. The time course of open circuit voltage generated by microbes with/without encapsulated in the conductive particles in 12 
hours. 
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4. Conclusion 
The conductive microparticles made of Diallyldimethylammonium chloride (DADMAC) 
encapsulating microorganisms were generated by a T-junction microchannel. The resulted microparticles 
have surface area per volume of 2.17x106 cm-1, providing extensive surface area for electron transfer. The 
microorganisms encapsulated in the microparticle remain viable and are able to generate higher OCV 
than freely suspended cells. The examination of microbial electricity generation in the batch operation 
indicates that the conductive microparticles have great potential in serving as anode in the microfluidic 
MFC.  
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